SUMMARY
In our institution it is common practice to infiltrate the scalp with a vasopressor (adrenaline) to provide haemostasis during incision for craniotomy. Subcutaneous infiltration of adrenaline causes increases in systemic arterial pressure, heart rate, cardiac output, stroke volume and left ventricular work per beat as a result of direct cardiac stimulation [1] . The increases in systemic arterial pressure and heart rate are particularly significant in patients with cerebral or cardiovascular disease, as they may lead to major complications such as left ventricular failure, acute myocardial infarction or cerebral haemorrhage. If cerebral autoregulation is impaired or abolished, intracranial pressure passively follows fluctuations in arterial pressure [2] . Thus during anaesthesia it is essential to avoid systemic hypertension in patients with cerebrovascular malformations or increased intracranial pressure.
The beta adrenergic blocking agents are the cornerstones of medical therapy of hypertension and the antihypertensive effects of different beta blockers have been reported to be similar [3, 4] . However, some studies have suggested that selective beta! block results in better control of arterial pressure during stress and exercise, with fewer effects than non-selective drugs on peripheral vascular flow [5, 6] . In an attempt to obtund the cardiovascular responses to subcutaneous infiltration of adrenaline, we have studied the effects of pretreatment with either a selective betaj adrenergic blocker or a nonselective beta blocker, in neurosurgical patients.
PATIENTS AND METHODS
Thirty ASA grade II neurosurgical patients undergoing craniotomy entered the study after providing informed consent. Institutional approval was obtained. All patients underwent a thorough preoperative evaluation which included history, physical examination, ECG, chest x-ray, CAT scan of the brain and relevant haematological and biochemical investigations. No patient had features of cardiovascular, respiratory, hepatic or renal disease, or contraindications to treatment with beta blockers. Patients with posterior fossa mass lesions were excluded because they may demonstrate haemodynamic changes associated with brainstem or cranial nerve stimulation.
Each patient was premedicated with oral diazepam 0.2 mg kg" 1 and i.m. glycopyrronium 4 ug kg" 1 2 h and 45 min, respectively, before induction of anaesthesia. In the operating room, i.v. 5% glucose was infused at 2 ml kg" 1 h" 1 . Preoxygenation was carried out for 3 min and anaesthesia was induced with thiopentone 4-5 mg kg" 1 while the patient breathed 50% nitrous oxide in oxygen. •Present address, for correspondence: B. M. Birla Heart Research Centre, 1/1 National Library Avenue, Calcutta 700 027, India.
The trachea was intubated after administration of pancuronium 0.1 mg kg" 1 and lignocaine 2 mg kg" 1 . Anaesthesia was maintained with 60 % nitrous oxide in oxygen, pentazocine 0.5 mg kg" 1 and IPPV using a circle absorber and a Manley ventilator. Radial artery cannulation was undertaken in all patients using a 20-gauge Teflon cannula. This was connected to a Hewlett-Packard transducer attached to a Hewlett-Packard monitor calibrated previously against a mercury manometer. Ventilation was adjusted to a Pa COi of 4.0 kPa. The ECG, direct arterial pressure, nasopharyngeal temperature, urine output, serum concentration of potassium and arterial blood-gas tensions were monitored during the course of surgery. After a stabilization period of 15 min after adjustment of ventilation, the scalp was infiltrated with 0.5% lignocaine 50 ml with 1:200 000 adrenaline over the proposed site of skin incision (dose of adrenaline per patient = 250 ug). The same surgeon infiltrated the scalp throughout the study.
The patients were allocated randomly to three groups: the first group received no pretreatment before scalp infiltration (control group); the second group of patients (group A) received propranolol 1 mg i.v. and the third group (group B) received metoprolol 1 mg i.v. 3 min before scalp infiltration. Heart rate and mean arterial pressure (MAP) were recorded at 30-s intervals by a non-participant observer for 20 min from the end of infiltration. No anaesthetic agent was added or withdrawn during the period of measurement and skin incision was made only after completion of the measurement. All patients received an infusion of 20% mannitol 1 g kg" 1 during craniotomy. At the end of surgery, residual neuromuscular block was antagonized and die patient transferred to the intensive care area in a conscious state after tracheal extubation.
Data are expressed as mean (SD) and were analysed statistically using Student's t test and the analysis of variance (ANOVA). P < 0.05 was considered to be statistically significant.
RESULTS
There were 30 patients in total, 10 in each group. Preoperative variables were comparable in all three groups (table I) . Heart rate increased significantly {P < 0.05) in the control group from mean 82.9 (6.45) beat min" 1 to 92.0(7.78) beat min" 1 5 min after infiltration of adrenaline. Heart rate in group A decreased significantly (P < 0.05) from 87.2 (4.86) beat min" 1 to 78.3 (5.19) beat min" 1 5 min after infiltration. There were no significant changes in heart rate in group B ( fig. 1, table II) . MAP increased significantly (P < 0.05) from 90.8 (5.48) mm Hg to 112.0 (6.65) mm Hg by 5 min in the control group. There was a marked increase (P < 0.01) in MAP in group A, from a basal value of 91.0 (4.86) mm Hg to 132.0 (5.57) mm Hg at 8 min, which gradually returned to the basal value at the end of a further 15 min. In group B, there was no significant change in MAP ( fig. 2, table II ).
There were no differences in blood loss, decrease in temperature, recovery pattern or postoperative course between the three groups. There were no complications relating to the use of metroprolol or any arrhythmias in any of the patients.
DISCUSSION
The use of vasoconstrictor agents was recommended originally by Braun to prevent bleeding from a skin incision [7] . Eighty years later, this technique is used still as a routine before craniotomy. During cone biopsy of the cervix, the use of adrenaline infiltration obviates the need for haemostatic epithelial sutures [8] . The cardiovascular effects of subcutaneous infiltration of adrenaline in the dose used in this study were a significant increase in the heart rate and mean arterial pressure. Neurosurgical patients receive relatively light premedication and anaesthesia, but tachycardia and hypertension arising during or after infiltration of the scalp with adrenaline are not caused by pain stimulus or light anaesthesia alone [9] . During neurosurgical anaesthesia it is essential to avoid hypertension, especially in patients with vascular malformations or increased intracranial pressure. If cerebral autoregulation is impaired, intracranial pressure passively follows fluctuations in arterial pressure. Field block for inguinal herniorrhaphy using 1:200000 adrenaline was associated with potentially serious arrhythmia in two patients [10] . Hence it is desirable to prevent or obtund the cardiovascular effects of subcutaneous infiltration of adrenaline in neurosurgical patients.
Beta blockers play a major part in the management of hypertension, by reducing cardiac output and plasma renin activity [11] . Non-selective beta blockers (e.g. propranolol) and selective beta blockers (e.g. metoprolol) have been used successfully for therapy of hypertension. In the present study, pretreatment with propranolol unmasked the alpha-stimulating property of adrenaline. The lowest mean heart rate in group A (propranolol) was significantly less than the basal value. This may BRITISH JOURNAL OF ANAESTHESIA be attributed not only to the effect of the beta blocker per se, but also to a baroreceptor reflex [12, 13] .
In a study to assess the possible mechanism for the withdrawal phenomena after propranolol using serial haemodynamic, metabolic and endocrine measurements, Lindenfeld and colleagues also demonstrated a consistent increase in systolic arterial pressure in patients receiving propranolol when an adrenaline infusion was started [14] . Leverson and colleagues found that, in patients older than 45 yr, systolic arterial pressure did not decrease, despite a decrease in cardiac performance after acute administration of propranolol, this reduction in systemic arterial compliance was attributed to unmasked alpha vasoconstriction [15] .
Metoprolol is a cardioselective beta blocker; its effect on airways and blood vessels is negligible at small doses. The increase in systemic vascular resistance seen with the use of propranolol in humans does not occur with metoprolol [16] . The data in our study have demonstrated that metoprolol not only controlled the increase in heart rate, but also effectively prevented the hypertension caused by infiltration of adrenaline. We surmise that, with metoprolol pretreatment, only the beta, adrenergic effects of adrenaline are antagonized, while alpha and beta 2 adrenergic effects negate each other and arterial pressure is unchanged. It should be noted, however, that beta, specificity of metroprolol is dose-dependent and is impaired at larger doses. Clausen, Damsgaard and Mellemgaard have indicated also that selective beta blockers are superior to nonselective ones in decreasing arterial pressure during exercise [17] .
Three conclusions may be drawn from the results of this study. First, subcutaneous infiltration of adrenaline caused significant increases in mean arterial pressure and heart rate which may be undesirable in some patients. Second, pretreatment with propranolol caused unacceptably excessive hypertension; hence we do not recommend its use to prevent or treat hypertension after infiltration of adrenaline. Third, metoprolol prevented both tachycardia and hypertension after infiltration of adrenaline in neurosurgical patients.
